A 75-day feeding trial was conducted to determine the effects of colour additives, {Food Drug and Cosmetic (FC and D) colour red, blue, sea-green and yellow} added to a basal diet (350g crude protein and 18.5KJ gross energy.g -1 diet) on growth and nutrient utilization in Tilapia zillii and
INTRODUCTION
Tilapias constitute one of the most productive and internationally traded food fish in the world (Modadugu and Belen 2004) . They are a major protein source in many of the developing countries. The commodity is not only the second most important farmed fish globally (next to carp) but also described as the most important aquaculture species of the 21 st century (Shelton 2002) . Tilapia species have since been introduced in different parts of the world to improve fisheries or to develop aquaculture (Lèveque, 2002) . There are about 70 species of tilapias, most of them native to rivers of western Africa (Anon 1984) . Out of these, nine species are used in aquaculture worldwide among which are Oreochromis niloticus and Tilapia zillii (Hepher and Pruginin 1981 , Mair 2001 , FAO 2002 .
Feed is the most expensive component in intensive aquaculture (El-sayed, 2004) , accounting for 40-60% of the aquaculture production (ADCP, 1983; Elsayed, 1999) . Proper feeding management is therefore a necessary tool in tilapia culture. Though extensive research had been conducted on the nutrient requirements and feeding regimes of farmed tilapia but the effects of feed colour on growth and nutritional utilization are yet to be fully investigated (El-Sayed 2004) . Therefore, the objective of this study is to evaluate the effects of feed colour on feed acceptability, growth and nutrient utilization by T. zillii and O. niloticus.
MATERIALS AND METHODS
Diet formulation and preparation: Feedstuffs were purchased from a local market and separately milled to small particle size (< 250 µm) using pulverizing machine (Model BCC-2516). Five basal diets (350g crude protein/kg diet; D1, D2, D3, D4, D5) were formulated (Table 1) to which was added Food Drug and Cosmetic (FD and C) colour Red (4), FD and C colour Blue (2), FD and C colour Sea-Green (3) and FD and C colour Yellow (5) to 1 kg of basal diet (Diet 1,350g crude protein and 18.5KJ gross energy.kg -1 diet, respectively. The feedstuffs and the dissolved colour additives (Dyes) were thoroughly mixed in a Hobart A-200T pelleting and mixing machine. Hot water was added at intervals to gelatinize starch. All diets were pelletized using a die of 0.8 mm diameter. The diets were air-dried at ambient temperature for 72 hours (Plate 1); broken, sieved into small pellet sizes, packed in air-tight plastic containers, labelled and stored. Samples of the diets were analyzed for proximate composition according to AOAC (1990) methods. Crude protein was determined using a Kjeltec Auto 1003 Analyser after digestion with concentrated H 2 SO 4 in a digester. Crude lipid was estimated by extracting in chloroform: methanol (2:1) using a Soxlet extraction HT6 unit. Crude fiber was determined using a Fibretec System 1020 Hot Extractor and ash content was determined by igniting at 550 o C in a muffle furnace for 12 hours. Gross energy content was determined using a ballistic bomb calorimeter (Gallenkamp Co. Ltd., Loughborough, England).
Experimental system and animals: Farm-raised T. zillii and O. niloticus fingerlings were acclimated for 14 days in concrete tanks (2m x 2m x 1.25m) of 600L capacity. Two-thirds of each tank was filled with water. Continuous aeration was provided using a blower and air stones (Tecas air pump AP-3000) and fish were fed with a commercial pelleted diet (30% crude protein).
After acclimation, 20 T. zillii (14.2  0.13g) or O. niloticus (10.22  0.01g) were randomly stocked in each tank. Each treatment was replicated thrice. Feeding commenced a day after stocking and lasted 75 days. The fishes were hand-fed to apparent satiation in two equal instalments at 0900-0930 and 1700-1730 h. All fish were removed from each tank every fortnight and batch-weighed. Mortality was monitored daily and recorded. Growth performance and nutrient utilization indices were determined as follows: % weight gain (%. fish feed conversion ratio = feed intake (g)/body weight gain (g) Water temperature and dissolved oxygen were measured daily using a combined digital YSI DO meter (YSI model 57); pH was monitored weekly using an electronic pH meter (Metler Toledo 320 model). Two weeks before the completion of the feeding trial, faeces were collected from each tank, 8 h after each feeding daily. The ashes were digested by acid insoluble ash (AIA) as described by Halver et al. (1993) . The value obtained for AIA was used as indicator in the calculation of digestibility coefficient. The digestibility coefficient was calculated as follows: Digestibility = 100-100(%AIA in feed) × (% nutrient in faeces)/(%AIA in faeces)(% nutrient in feeds). Data obtained were subjected to one-way Analysis of Variance (ANOVA) test using the SPSS Version 11. Fisher's pairwise comparison was used in comparing differences among individual mean.
RESULTS
Crude protein of 35% was used in the formulation of the test diets (Table 1) and their proximate composition is presented in Table 2 . Water quality during the feeding trial was within the acceptable range for tilapia culture (water temperature, 27 o C; pH, 7.3; alkalinity, 50 ppm; dissolved oxygen, 7.6 -7.9 mg/L). After 75days, T. zillii fed light-coloured diets (yellow and sea-green coloured diets) had better growth and feed efficiency(p<0.05) than the other diets (Diets 1, 2 and 3) (Table 3 and figure 1 ). The least growth performance was evident in fish fed the blue-coloured diet ( O. niloticus fed darker coloured diets (red and blue) had better growth performance and nutrient utilization (p<0.05) than those fed lighter coloured diets. The red coloured diets had the best growth performance, followed by blue, the control and sea-green. The poorest growth performance came from O. niloticus fed the yellow coloured diet (Table 4 and Figure 2) . O. niloticus survival was not affected by feed colour, as percentage survival was either greater than or equal (≥) to 98% in all the treatments.
DISCUSSION
The crude protein of 35% of the experimental diets for T. zillii and O. niloticus fingerlings (Table 1) satisfied the nutrient requirements for tilapias (Jauncey, 2000) . The study revealed that T. zillii fed light-coloured diets (yellow and sea-green coloured diets) had better growth and feed efficiency than the other diets (Diets 1, 2 and 3 )( Table 3 and Figure 1 ). The least growth performance was recorded in fish fed the blue-coloured diet. This result is corroborated by Bardach et al (1980) which reported that fish generally had been proven to respond positively to colours. Traditional hook baits are now being joined by flashy chartreuse, red, blue, yellow and gold colours to add extra fish-catching attraction. Some hooks are also available with fluorescent colours that further enhance the hook's fish-catching ability.
Research have also shown that red colour often triggers an attack response from game fish, while other very bright colours may simply provide some extra dazzle that also grabs the attention of a game fish on the prowl for its next meal. Clydesdale (1998) also reported that colour influences the flavour perception of food and even taste threshold. T. zillii survival was actually not affected by feed colour as 100% survival was recorded in all treatments. Water quality during the feeding trial was within the acceptable range for tilapia culture (Ross, 2000) . Acceptance of the diets was good and fish became accustomed to the diets within the first week. This study therefore reveals that T. zillii respond positively and more favourably to light coloured diets (yellowcoloured diet and sea-green coloured diet) as against the normal commercial light-brown control diet. In a related study, O. niloticus fed darker coloured diets (red and blue) had better growth performance and nutrient utilization than those fed lighter coloured diets. The red coloured diets had the best growth performance, followed by blue, the control (normal light brown diet) and sea-green. The poorest growth performance came from O. niloticus fed the yellow coloured diet ( (2004), O. niloticus of average initial weight of 10.5g was used but for a relatively shorter period (60days).
In conclusion, T. zillii responded favourably to light coloured diets (yellow and sea-green) and inauspiciously to dark coloured diets, while O. niloticus responded favourably to dark coloured diets (red and blue) and inauspiciously to light coloured diets. Therefore, understanding the response of fish to different feed colours could be a fundamental factor in improving feed acceptance and growth performance in farmed tilapias.
